It is now forty years since Helmholtz published his fundamental experiments on the time-relations of muscular contractions. The purpose of thig investigation was to ascertain " the periods and stages in which the energy of muscle rises and sinks after instan taneous stimulation;" the word energy being defined as the " mecha nical expression of a ctiv ity ;" and one of the most important con clusions of the author was that, in the muscles investigated by him, contraction does not begin until nearly one hundredth of a second after excitation. This interval has, by subsequent writers, been called the period of ." latent stimulation."
I have now to subm it to you incontrovertible evidence which th e photographic method affords, not only th a t the estim ate of the d u ra tion of the period of latent stim ulation accepted as tru e ever since Helm holtz's early investigations is very m uch too lo n g ; b u t th a t the final conclusion arrived at by Dr. Yeo a year ago, th a t it has a real duration of five thousandths of a second, is erroneous. I am further in a position to dem onstrate w hat are the tim e-relations of the electrical change to th e m uscular contraction w ith which it is associated.
The method of observation consists in projecting the movement to be recorded, w hether of the muscle or th a t of any instrum ent which serves as an index of change, on a vertical slit on which the vibrations of a tuning-fork and the motion of a signal are also shadowed. Im m ediately behind the slit is a photographic plate, which is carried by an equilibrated pendulum . The approxim ately uniform ra te of motion of the sensitive surface which receives the light-w ritten record is about one m eter per second, but is determ ined in each experim ent by reference to the rate of vibration of a tuning-fork.
The plan adopted for obtaining a photographic record of the earliest trace of change of form, was based on the by no means new considera tion th at the effect of an instantaneous stim ulus is in the first instance limited to the p art of the structure to which it is applied, and, con sequently, may fail to produce any m easurable change of form of the whole m uscle; the parts which first contract doing so a t the expense of the as yet relaxed parts which are connected with them . This consideration is applicable not only to the case in which the muscle is excited directly, b ut also to th at in which it is excited through its nerve ; for in the latte r case, each fibre is first stim ulated a t the spot at which it receives its nerve.
In the experiments on direct excitation, the muscles used were the gastrocnemius and sartorius of the frog. In the form er the movement of contraction was communicated to a light index, which was sup ported by a fine spring. One end of the index rested on the muscle, while the other occupied the front focus of a projection apparatus, the slit being in the other focus. W hen the sartorius was used the surface of the muscle was itself brought for a moment into the focus, at the seat of excitation. The unavoidable exposure of the structure to the electric light, which this method involved, lasted scarcely more than a second. In successful experiments, the interval between excitation and the beginning of the contraction was 2^ thousandths ( = 4 -5 -0 ) of a second.
In a photographic record of a succession of events no tim e-error is possible, provided that the rate of movement of the recording surface remains unaltered, for, if I may so express myself, an event cannot be seen photographically before it happens. I t is therefore certain Dr. J. B. Sanderson.
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that, in direct excitation, contraction begins not more than one four-hundredth of a second after an instantaneous stimulus. F o r m easurem ent of the delay in indirect excitation, the gastro cnemius (w ith th e index) only was used, the exciting electrodes being applied either a t 12 or a t 37 mm. from the muscle. The results were not so constant. C orrected for loss of tim e by propagation along the nerve, th e intervals between excitation and beginning con traction varied from 0'0025" to 0*0035".
In th e experim ents for determ ining the tim e afte r excitation a t which the electrical response begins and culm inates, the capillary electrom eter was used, as in m y experim ents on th e h ea rt and on th e leaf of Dioncea, as a signal, b u t w ith much im proved apparatus fo recording.
In the gastrocnem ius of the frog, th e electrical response to an instantaneous stim ulus is indicated by a sudden movem ent of th e m ercurial column of so short a duration, th a t to most persons it is invisible. Its photographic expression is th a t of a spike projecting from the dark border of the p a rt of the p late which is unprotected by the m ercurial column. The electrical interpretation of this spike is th a t between the contacts two electrical changes of opposite sign and not more than one tw o-hundredth of a second in duration have im m e diately followed each other, or, more explicity, th a t the spot excited became, for about 00005", first negative, then for a sim ilar period positive, to the other contact (see last p arag rap h ).
Before using th e electrom eter as a signal it was necessary to ascer tain th at, u n d er th e conditions of th e experim ent, th ere was no delay in th e circuit, either due to sluggishness of the in stru m en t or to any other cause.
I t was proved photographically th a t th ere is no m easurable delay.
In th e muscle (the leading off: contacts being on the Achilles tendon and m uscular surface respectively, and the nerve excited a t a distance of 12 mm.) the electrical response begins a t 0'004", and culm inates at about 0'012" a fte r excitation. D educting the delay due to transm ission along the nerve, we have, as the tim e betw een excitation and response, 0 0035''. I t is thus seen th a t the electrical response, instead of preceding the mechanical, is contem porary w ith it. All those theories therefore, of the excitatory process in m uscle which re st on the supposed fact th a t electrical disturbance is a con com itant of the period of latent stim ulation, fall to the ground. The electrical change may, so far as concerns the tim e at which it occurs in muscle, be im m ediately connected with th at sudden change of the elastic properties of muscle of w hich the coutraction is the sign.
The fact th a t there is a measurable interval of tim e between exci tation and electrical response, renders it im probable th a t Regecsky is rig h t in supposing th at the contraction begins a t the m om ent of stimulation. It can scarcely be imagined that the electrical change is later than the mechanical.
The statement above as to the interpretation of the photographic record of the electrical response is founded on the following experi mental facts. When a current of very short duration is led through the electrometer, of such strength as to produce a movement of the mercurial column comparable with those observed in the experiments above described, the photographic record shows first that the mercurial column during the passage of the current executes a rapid movement VOL. X L V III. c in tlie same direction, and th a t at the cessation of the current the meniscus does not return, or returns very slowly, describing on th e photographic plate a curve, of which the characters will be discussed in a paper to be shortly subm itted to the Society by Mr. Burch. I t is sufficient to say th a t the reason why the meniscus returns so slowly is th a t th e potential of the charge which it has received is proportional to the displacem ent; in the case of a current of very short duration it is inconsiderable as compared w ith th e difference of potential of the term inals at the moment th a t the current is broken. W hen, instead of a single cu rren t in one direction (one tw o-hun d red th second), two currents of th e same duration follow each other in opposite direction, th e record resembles in its essential characters th a t of the excitatory electrical response in muscle. I t is seen th a t th e m ercurial column, which is displaced during the brief duration of th e first current, returns abruptly to the previous position during the second. These phenomena I leave also to be discussed subsequently, noting only th a t the difference of potential a t the term inals of the electrom eter w hich is required to bring back the column to its original position is th e same as th a t by which it was displaced, and th a t such an effect as has been described in muscle could not be produced by th e becoming negative of the m iddle of each m uscular fibre, unless th a t change were followed either by another in the opposite direction at the seat of excitation, or by a sim ilar change a t the other electrode.
Considering th a t th e known velocity of propagation of the excita tory process in th e muscle of th e frog is about 3 meters, and th a t the distance between the contacts is about 1*5 cm., we should expect th a t if the two currents th rough the electrom eter, the existence of which the photographic record so distinctly indicates, were due to propaga tion, they should follow each other a t an interval of one tw o-hun dredth of a second. The actual difference of tim e between the two electrical effects lies fairly w ithin this estimate.
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Changes in Muscle during " Latent [May 1, Postscript, A p ril 28 tin, . -Since sending this communic become aware of a research published very recently by Professor B ernstein ( " U eb erd en m it einer M uskelzuckung verbundenen Schall und das V erhiiltniss desselben zur negativen Schw ankung."-' U ntersuch. aus dem Physiol. Instit.ut der U niversitat H alle,' 1890), which relates closely to the subject of this paper.
The facts observed, though of a different order from those recorded above, afford a rem arkable confirmation of them .
They are as follow s:-W hen a muscle (gastrocnem ius of a rab b it) is excited by a single induction cu rren t applied to its nerves, its tendon and m uscular surfaces respectively being connected w ith a telephone, the electrical response can be heard telephonically. This B ernstein calls the electrical thud {electrischer Stoss). A th u d of a sim ilar character m ay be heard by
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The Sympathetic Nervous System in Mammals. 19 auscultation. If telephone and stethoscope are applied to the same ear, one sound only is heard. Exner has shown that any two sounds which are as much as -^-g-of a second apart are audible as distinct sounds. Bernstein therefore concludes that, inasmuch as contraction begins nearly -jw second after excitation, and the electrical change ■culminates at -^-bo second, the mechanical thud must, as well as the ■electrical, be molecular, and concludes that the two sounds are coin cident. In the second of these conclusions, Professor Bernstein appears to be justified, but not in the first. It having been shown by the photographic records that the two responses, the electrical and the mechanical, are nearly coincident, it is no longer needful to seek an explanation of the fact that the electrical and mechanical sounds are indistinguishable. The following investigations were undertaken with the object of determining the origin of the Mammalian sympathetic system, and of clearing up thereby certain points in its morphology.
Two opposite views exist at present among embryologists regarding its development. In both views the segmental formation of the sym pathetic cord is upheld. According to the older view (Remak, &c.), it is mesodermal, and is formed i situ.
views, it is ectodermal. Balfour and Onodi, who have maintained the latter view, differ, however, as to the fundamental origin of the sympathetic system,-Balfour regarding each sympathetic ganglion as an offshoot from the spinal nerve, while Onodi considers it a direct proliferation from the spinal ganglion. Por the present research mammalian embryos were exclusively em ployed-rat, mouse, rabbit, and human embryos. The stage in development was first considered in which the sympathetic system was plainly visible, and from this point the earlier and later stages in the process were traced. It was only possible to determine approxi mately the ages of the embryos employed, as the time of impregnation varies in different instances, and two embryos from the same uterus often differ in size and extent of development.
The first event to occur is the formation of the main sympathetic cord. In very young embryos (e.gr., rabbit, 7 days, axial length 5 mm.), in which the spinal nerves are completely formed and the spinal ganglia clear and distinct, there is no trace of the sympathetic
